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OZONE GENERATOR SYSTEMS, METHODS
AND APPARATUS

The present patent application claims priority to U.S. Pro-
visional Patent Application No. 61/261,192, filed Nov. 13,

2009, which 1s hereby incorporated by reference herein 1n 1ts
entirety.

FIELD OF THE INVENTION

The present invention relates to systems, apparatus, and
methods of purifying and disinfecting waters used in various
applications, including but not limited to spas, jetted tubs,
Jacuzzis, whirlpools, wave pools, baths, ponds, water tanks,
swimming pools and the like. More particularly, the invention
relates to apparatus and methods specifically configured and
adapted for the treatment, for example, for the purification, of
waters used 1n spas, jetted tubs, Jacuzzis, whirlpools, wave
pools, baths, ponds, water tanks, swimming pools and the
like. In other embodiments, the invention may relate to sys-
tems, methods and apparatus for, without limitation, disin-
tecting foods (for example, by spraying and/or washing pro-
duce with a liquid containing a non-toxic disinfectant) and
laundry and other household items (such as in purifying
waters used 1n washing machines, dishwashers and the like
for disinfection of clothing and other laundry.

The systems, apparatus, and methods of the present inven-
tion mvolve an ozone generator, 1n particular, a Corrosion
Resistant Ozone Generator, for generating ozone from the
oxygen contained in air or other oxygen-containing gasses.
Such Corrosion Resistant Ozone Generators are suitable for a
variety ol purposes, for example 1 air fresheming and for
cleaning and disinfecting fluids such as aqueous tluids, par-
ticularly, although not exclusively, when the gas used as an
oxygen source contains light amounts of nitrogen. Thus, such
Corrosion Resistant Ozone Generators are adapted for use 1in
the systems, apparatus and methods relating to circulating,
water purifiers such as a Jacuzzi-type tub or purifier, and in
ozonized water generators, water purifiers and the like. The
present invention also relates to a Corrosion Resistant Ozone
Generator for generating ozone contained in air. The present
invention thus relates to water purifiers equipped with an
ozone generator for use with baths, swimming pools,
Jacuzzis, ponds, water tanks and the like, for purifying water
used 1n laundry and agricultural applications, and to Corro-
sion Resistant Ozone Generators for generating ozone con-
tained 1n air.

BACKGROUND OF THE INVENTION

Systems, apparatus and methods of treating and disinfect-
ing water are of obvious and often critical importance. Access
to sate water for drinking, cooking, bathing, and washing 1s
obviously a basic human need. To ensure such safe water,
drinking water and water used for industrial, agricultural,
household or recreational use 1s often and advantageously
purified. Thus, for example, spas, jetted (hot) tubs, whirl-
pools, wave pools baths, ponds, water tanks, swimming pools
and the like are often treated with active compounds to main-
tain the water therein 1 a purified or sanitized condition.
These active compounds, such as chlorine and ozone, have
been used to sanitize the relatively large volumes, for
example, hundreds or thousands of gallons, of water 1n such
spas, tubs, etc. As used herein, the terms “spa” and “jetted
tub” refer to systems which hold or contain a body of liquid
aqueous medium, heremafiter referred to as water, which 1s
often heated, in a reservoir which 1s smaller than a swimming
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pool, but 1s suificiently large so that an adult human being can
be completely submerged or immersed in the water contained
in the reservoir. As used herein, Jacuzzis, baths, ponds, whirl-
pools, wave pools and swimming pools can be small or large,
such that an adult human being, or several adult human beings
can be completely submerged or immersed in the water con-
tained 1n the reservoir.

Spas, jetted tubs and pools are often used by submerging all
or a major portion of one’s body 1n the water 1n the reservoir
for recreation and/or relaxation. Additional, separate purity-
ing or sanitizing components are also included 1n these waters
to control bacteria, viruses, algae, etc., which are known to
contaminate such waters. Very low concentrations of these
active materials are used 1n order to avoid harming sensitive
parts of the body—since such spas, tubs, pools etc. are sized
so that the entire body can be immersed in the water and to
minimize costs, because of the relatively large volume of
water to be treated. For example, the normal (that 1s the
typical, non-acute contamination) concentration of ozone
used to purily or sanitize the water 1in a spa, tub or pool 1s often
in the range of about 0.005 to about 0.05 parts per million
(ppm) based on weight of ozone per volume of water (w/v).

Similarly, laundered fabrics are, by definition, soiled or
dirty, and may also contain bactera, virus particles, algae and
fungi. Water used to launder clothing and other such fabrics 1s
generally and advantageously treated before and/or after use,
for example, to avoid recontamination of the fabrics or to
lower the possibility of raising the infective load of such
organisms 1n the environment.

Also, agricultural products, such as (without limitation)
leaty produce (including lettuce, cabbage, parsley and the
like), legumes (such as beans and peas), tomatoes, tubers
(such as potatoes, beets, radishes and the like) all receive
agricultural water, and various fertilizers. As a result of the
use of certain sources of water or fertilizers there have been
reports of bacterial and viral contamination of such food-
stulls. Disinfection of water for watering through the use of
disinfecting agents (e.g., ozone and/or chlorine) can help
lower the likelihood of food contamination. Ozone 1s an 1deal
agent for such disinfection, since 1t decomposes quickly into
molecular diatomic oxygen, and leaves no aftertaste or resi-
due on the food.

For similar reasons, treatment of, for example, drinking
water with ozone provides water disinfection and purification
without significantly affecting the taste of the water prior, for
example to bottling.

Ozone (O,) has conventionally been used 1n industrial as
well as household applications for puriiying and deodorizing
air, other gasses and the like. Ozone 1s an allotrope of oxygen,
and 1s a relatively high-energy molecule (and quite unstable)
when compared to molecular diatomic oxygen O,, and
decomposes to molecular oxygen according to the equation
20;—30, 1n about 0.5 hours under normal conditions at
standard temperature and pressure (STP). Ozone 1s a power-
tul oxidizing agent and this ability contributes to its utility as
a disinfectant.

Under natural conditions ozone 1s most plentiful in the
atmosphere, 1n a region of the stratosphere called the ozone
layer, located between about 6 and about 31 miles above the
surface. Stratospheric ozone 1s produced from the 1nteraction
of ultraviolet rays with diatomic oxygen in the following
reactions:

[,

O>+photon—=20 (1)

0+0,—=0; (2)
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For most personal and industrial uses, ozone 1s generated
using an ozone generator. The easiest and most cost effective
manner ol generating ozone 1s using the “coronal discharge
method”, 1n which high voltage 1s generated across a dielec-
tric component located between two electrodes. A gap
through which air or oxygen may be passed 1s also located
between at least two electrodes. The spark generated across
the dielectric component causes the formation of free radicals
of oxygen, and subsequently the formation of ozone in a
two-step reaction similar and corresponding to the formation
of ozone from diatomic Oxygen shown above.

Ozone generators are therefore generally known 1n the art.
However, the generation of ozone creates certain problems
particular to the process. Therefore, for example, high con-
centrations of ozone can be chronically corrosive to materi-
als, such as (without exception) metals, alloys, and rubber.
Further corrosion may be caused when air rather than pure
oxygen 1s used as the source of diatomic molecular oxygen
and nitrogen contaiming salts and acids can be formed. All of
this material can thereby shorten the useful life of an ozone
generator and other related equipment, conduits, hoses, hous-
ings, contacts, fittings, pipes, wires and the like located 1n
close proximity to the ozone generator.

In response to thus problem, Harter et al., U.S. Pat. No.
4,049,707 constructed an ozone generator comprising a first
electrode, a composite dielectric structure containing at least
one layer of a first dielectric material including overlapping,
flat, plate like particles of an 1nert dielectric material located
directly against a second electrode. The first electrode and
composite dielectrics structure are separated so as to define
the gap. The gap comprises a chamber 1n which air or oxygen
may be permitted to flow, and 1n which ozone may be gener-
ated from the air or oxygen. Additionally, the surfaces of the
first electrode and of the dielectric structure exposed to the
gap are coated with a matenial that protects the interior sur-
taces of the gap. Harter discusses an ozone generation having
at least two different dielectrics, one comprised of plate-like
particles and in which the ozonation chamber 1s coated with
titanium dioxide.

As 1indicated above, 1n addition to the corrosive effect of
ozone 1tsell, when ozone 1s generated using air, which con-
tains about 70% nitrogen, nitric acid 1s formed particularly
when the air 1s moist or humid. This nitric acid also shortens
the life of the entire ozone generator system. Similarly, under
certain conditions ammonium nitrate may form on the dielec-
tric, electrode(s) or other parts of the ozone generator.

InLeeetal., U.S. Pat. No. 6,730,277, an ozone generator 1s
disclosed which is reported to be capable of producing ozone
with much less consumption of electric power than previous
models. The ozone generator features a pulse generator for
generating high voltage pulses and a discharge chamber for
inducing electrical discharge 1n response to the high voltage
pulses. FElectrical discharge takes place between electrode
plate and a grounded chamber wall; a sheet of oxide dielectric
covers the chamber wall to prevent corrosion of the chamber
wall.

In Borgstrom et al., U.S. Pat. No. 6,726,885, an apparatus
and method for generating ozone 1s disclosed in which a
generally symmetrical device comprises a first electrode
arranged along a longitudinal axis. The electrode 1s proximal
to a first dielectric component on a top side, and a second
dielectric component on a bottom side. A top coronal dis-
charge chamber and a bottom coronal discharge chamber are
arranged between the first dielectric and a top second elec-
trode and the second dielectric and a bottom second electrode.

Sali et al., U.S. Pat. No. 5,354,541, discloses an ozone

generator comprising a helical spring anode within a sealed
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glass dielectric tube. And a metal tube cathode spaced across
an annular gap from the glass tube.

Mechtersheimer, U.S. Pat. No. 4,960,570, discloses an
ozone generator 1n the form of a pair of outer electrodes and
a tube or layer of tubes having a diameter corresponding to the
space between outer electrodes, and having in each case an
inner electrode. This configuration 1s stated to have the advan-

tage of dispersing heat rather quickly.
Arlemark, WO97/01307, 1s said to have the advantage of

being produced 1n a high frequency alternating current with
high voltage over a dielectric. Oxygen 1s mntroduced between
two plates of aluminum oxide and a current 1s applied to an
clectrode net 1n the device.

Yomomi, U.S. Pat. No. 5,435,978, 1s directed to a plate like
ozone generator comprising a plurality of discharging cells
stacked one over the other under pressure 1n a pressure vessel.

Morita et al., U.S. Pat. No. 6,039,816, discloses a compact
ozone generator comprising three layers of a dielectric, 1n
which the first layer has a filamentous electrode attached to
the top surface, the middle layer has an induction electrode on
the surface thereol and the third layer has a heating coil
located on the top surface thereof. The heating coil 1s for
evaporating ammonium nitrate that may adhere to the dis-
charge unit when humid air 1s used as the oxygen supply. The
three layers are sandwiched together.

Ozone mixed with oxygen or air can be produced by pass-
ing oxygen gas (O,), for example, from a gas cylinder or an
oxygen-containing gas, such as atmospheric air or air from an
air blower, by the high voltage “coronal” discharge method.
Large-sized ozone generators for industrial use generally
employ pure oxygen or dry air as a starting material, whereas
small-s1zed ozone generators for household or personal use
employ untreated air as a starting material. Such air-using
ozone generators have the disadvantage, as discussed above,
that when the ozone generator 1s discharged continuously,
corrosive or contaminating nitrogenous compounds such as
ammonium nitrate or mtric acid may form or be deposited on
the electrodes or other portions of the ozone generator as a
result of their reaction with mitrogen 1n air, resulting 1n cor-
rosion or otherwise interfering with the function of the
device. More particularly, because untreated air often has a
humidity percentage higher than that of artificially-produced
dry air, large amounts of nitrogen oxides can be produced
when ozone 1s generated by discharge.

Accordingly, when so corroded or contaminated, the den-
sity of the electric field generated by the ozone generator can
be reduced. Also, salts such as ammonium nitrate covering
the filamentary discharge electrode may tend to absorb water
present 1n the air and become electrically conductive, thus
increasing the apparent area of one or more electrode.

That 1s, 1n a conventional ozone generator, because salts
and corrosive materials such as nitric acid may corrode or
cover the electrode(s) of the ozone generator, the density of
the electric field generated by the filamentary discharge elec-
trode 1s reduced. The capacitance of the dielectric increases,
resulting 1n reduced ozone generation.

Conventionally, therefore, the conventional ozone genera-
tor 1s periodically disassembled, and adhering ammonium
nitrate 1s wiped oif from the filamentary discharge electrode
using water or a solvent. That 1s, a conventional ozone gen-
crator must be maintained through manual labor. After clean-
ing, the ozone generator resumes discharging to thereby gen-
erate ozone.

Typically, also, ozone 1s generated on site for use 1n, for
example, applications including the purilying spa/tub/pool
waters. Although ozone generators used for such service can,
in addition to those employing coronal discharge, include
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apparatus containing a sealed ultraviolet (UV) light lamp.
Such conventional ozone generators are generally effective,
in that they will produce ozone for oxygen-containing gasses.
However, these generators do have certain drawbacks that
other ozone generators disclosed elsewhere herein do not
have. For example, the UV light lamp 1s relatively bulky, can
burn out (often requiring system disassembly and lamp
replacement) and systems containing such lamps are rela-
tively meificient 1n producing the desired amounts of ozone.

Therefore, 1t would be advantageous to provide new ozone
generators that address these problems, and systems for puri-
tying waters used for example (and without limitation), 1n
agriculture, food and drinking water applications, for house-
hold applications such as laundry (e.g., washing machine)
and dishwashing applications, spas, jetted tubs and pools
comprising such ozone generators.

Each and every patent, patent publication and other publi-
cation cited 1n this patent application 1s hereby incorporated
by reference herein individually and 1n its entirety.

SUMMARY OF THE INVENTION

Systems, methods and apparatus of the present invention
employ a Corrosion Resistant Ozone Generator. By a “Cor-
rosion Resistant Ozone Generator” 1s meant an ozone gen-
crator that produces ozone using the coronal discharge
method and 1n which the inside surfaces of the discharge
chamber are entirely, or substantially entirely, made from a
dielectric, and 1n which the electrodes are entirely outside of
the discharge chamber. In preferred embodiments, the Cor-
rosion Resistant Ozone Generator used 1n the present mven-
tion 1s a compact, “chip”-like structure made entirely from
dielectric and insulating materials, with the exception of the
clectrodes.

Thus, 1n a first preferred embodiment the invention
involves a Corrosion Resistant Ozone Generator that pro-
vides a very compact structure which has at least one, or at
least two, or at least three, or all of the following character-
1stics: 1s easily and conveniently mounted for use 1n a spa/
jetted tub application; requires relatively reduced amounts of
maintenance due to an anti-corrosion form of construction; 1s
cost effective to produce and use; and effectively and efli-
ciently produces ozone 1n suilicient quantities to perform the
desired spa/jetted tub purification/sanitation service.

In other embodiments, the present Applicants have
invented new systems, apparatus, and methods for purifying
the waters 1n spas, jetted tubs, Jacuzzis, whirlpools, wave-
pools, baths, ponds, water tanks, swimming pools and the
like. The new systems employ ozone as a puriiying/sanitizing
component i a Corrosion Resistant Ozone Generator
described herein.

As indicated above, the ozone 1s generated using a Corro-
sion Resistant Ozone Generator assembly which 1s resistant
to compromise due to corrosion commonly seen 1n ozone
generators used 1n pools, spas, and tubs. Preferably, such
Corrosion Resistant Ozone Generators are manufactured to
be durable, convenient, reliable, requires little or no mainte-
nance and generates ozone elliciently, for example, more
cificiently than a conventional UV light lamp ozone genera-
tor. Additionally, an advantage of certain embodiments of the
Corrosion Resistant Ozone Generator of the present invention
1s that they are compact. Such an ozone generator 1s particu-
larly effective 1n producing puriiying amounts of ozone for
spas, jetted tubs and pools used for recreation and/or relax-
ation. The systems and ozone generators of this invention
elfectively purily/sanmitize water in these spas, jetted tubs and

10

15

20

25

30

35

40

45

50

55

60

65

6

pools want 1s effectively purified/sanmitized, with low cost and
maintenance, as discussed elsewhere herein.

In one broad aspect, the present apparatus 1s used for puri-
tying the water 1n a spa, jetted tub or pool, and comprises an
Corrosion Resistant Ozone Generator assembly and a transfer
assembly. The Corrosion Resistant Ozone Generator assem-
bly 1s s1zed and adapted to purity the water 1n a spa, jetted tub
or pool, and includes a new Corrosion Resistant Ozone Gen-
erator, as discussed in more detail elsewhere herein, which 1s
adapted to produce ozone from air or other oxygen-contain-
Ing gases using a voltage-generated coronal discharge. The
transier assembly cooperates with the ozone generator to pass
oxygen to the Corrosion Resistant Ozone Generator, and
thence ozone produced by the Corrosion Resistant Ozone
Generator to the water 1n the spa, jetted tub or pool.

In a broad aspect, the present invention 1s drawn to ozone
generators (Corrosion Resistant Ozone Generators) in which
the gap or discharge chamber into which oxygen-containing
gas (such as air) 1s fed 1s made entirely or substantially
entirely of a dielectric material. In a particular preferred
embodiment of the present invention, the dielectric material 1s
a ceramic material, such as an alumina ceramic; particularly
preferred 1s a ceramic having 90% or greater, or 92% or
greater, or 94% or greater, or 95% or greater, or 96% or
greater, or 97% or greater, or 98% or greater of alumina.
Electrodes are placed on either side of the outside surface of
the dielectric at a position preferably directly over the dis-
charge chamber within the Corrosion Resistant Ozone Gen-
erator, and a high voltage 1s applied to form a coronal dis-
charge within the discharge chamber, thereby first forming
oxygen Iree radicals, and then ozone from the unreacted O, .
The discharge chamber, the inside surface of which 1s made
entirely or substantially entirely from a dielectric, has an air
or gas inlet for oxygen-containing gasses) and an outlet for
ozone containing gases. The electrodes are connected via
wiring to a high voltage transformer.

In certain embodiments of the present invention, the Cor-
rosion Resistant Ozone Generator assembly 1s formed as part
of a Corrosion Resistant Ozone Generator including a high-
voltage-generating circuit element. The Corrosion Resistant
Ozone Generator may be present in a “chip” or “ozone cell”
form, and may be disposed within a housing having a cover
attached so as to prevent ozone leakage from the housing.

In certain embodiments the present invention comprises a
Corrosion Resistant Ozone Generator which 1s easy to main-
tain and has an enhanced useful life as compared to an ozone
generator in which the discharge chamber 1s not made entirely
or substantially entirely from a dielectric. Also, i certain
important embodiments the ozone generator may be config-
ured so as to provide ozone disinfection to a water or aqueous
fluid system.

Furthermore, in certain embodiments of the present inven-
tion the Corrosion Resistant Ozone Generator 1s configured
so as to provide ozone disinfection to a water system using a
compact, mexpensive, and easily manufactured ozone gen-
erator that 1s resistant to corrosion, and 1n which the discharge
chamber 1s made entirely or substantially entirely from a
dielectric.

Thus, 1n one broad aspect, the present invention provides a
Corrosion Resistant Ozone Generator having a discharge
chamber, the interior surfaces of the discharge chamber being
comprised entirely (or substantially entirely) of a dielectric
material. In particularly preferred embodiments the entire
material surrounding the discharge chamber 1s made from a
dielectric material.

Dielectric materials are materials having very low conduc-
tivity. These can be gasses, liquids or solids. Dielectric mate-
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rials may be comprised of ceramics (such as porcelain), glass,
plastics (such a polyethylene and epoxides), industrial coat-
ings such as parylene, hydrocarbon oils (such as mineral o1l or
clectrical grade castor oil), silicone oils, mica, wood, the
oxides of various metals, such as aluminum oxides, and pow-
dered dielectrics such as alumina, zircon, aluminum silicate,
magnesium aluminum silicate, aluminum nitride, beryllha,
zircontum dioxide, titamium dioxide, magnesium silicate,
tungsten carbide, and, preferably, bartum titanate. These
powdered dielectrics may 1n some cases be suitable for use in
making ceramic dielectrics.

Particularly preferred 1in the present application are solid
dielectric materials having a high degree of non-reactivity to
ozone 1tself, as well as to nitric acid or other nitrogenous
by-products of the ozonation process when air 1s used as the
oxygen source, particularly when the air 1s humid. Addition-
ally advantageous 1s that the dielectric materials used have a
suitably high resistance to heat, and preferably comprise ele-
ments that have favorable heat dissipation characteristics.
Such materials may include dielectric ceramics, such as alu-
mina and zirconium- and titanium-based ceramics, epoxides,
mica-containing materials, such as mica-embedded poly-
mers, other corrosion resistant polymers and the like. Prefer-
ably the materials should be resistant to high voltage and
electrical arcing.

It 1s particularly preferable that the dielectric material be
substantially homogenous. Additionally, and independently,
it 1s particularly preferable that the dielectric material used 1in
the present invention be capable of being formed 1nto sub-
stantially compact forms, such as plates, slabs, waters, sheets
and the like. Such maternials may include, without limitation,
ceramic and polymeric materials.

In a preferred embodiment of the present invention, the
Corrosion Resistant Ozone Generator 1s structured from a
plurality of watlers of a dielectric; preferably the dielectric
comprises a ceramic, most preferably an alumina ceramic
material. The waters all may be comprised of the same dielec-
tric, or two or more walers may be comprised of different
dielectrics.

For example, 1n one embodiment the Corrosion Resistant
Ozone Generator may be comprised of three dielectric wafers
sandwiched together, with conductant plates, tubing, cylin-
ders or tape able to withstand high voltages and arcing and
acting as electrodes and wires connecting the plates or cylin-
ders etc. to each pole of a high voltage source. The three
walers may either be bonded together using a dielectric mate-
rial, such as a thin film of epoxy resin or glue, or metal
disposed directly on the cylinder or plate, or alternatively may
be held together 1n a “bundle” without being glued or bonded,
for example, by using the customized tee fittings described
below and 1n detail 1n the Examples herein.

It will also be understood by those of skill 1n the art that the
Corrosion Resistant Ozone Generator of the present invention
need not be substantially planar in every embodiment. For
example, in certain embodiments the Corrosion Resistant
Ozone Generator may comprise, for example, a substantially
cylindrical or tubular device having inner and outer cylindri-
cal dielectric 1nserts of different diameters and a cylindrical
dielectric spacer insert s1zed and structured to {it between the
inner and outer cylindrical dielectric inserts, with suitable
inner and outer electrodes, and one or more gas inlet and
ozone outlet each containing a void coextensive with a com-
mon 1nner void chamber formed between the dielectrics, the
voild chamber being structured to provide for corona dis-
charge between the dielectrics and the generation of ozone.
Other configurations of the Corrosion Resistant Ozone Gen-
erator will immediately be apparent to the skilled engineer.
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Thus, 1n one embodiment of the invention, the center wafer
of the Corrosion Resistant Ozone Generator has a substan-
tially central opening, with the top waler having segment of a
proximal side of the wafer cut away from 1t, and the bottom
waler having a segment of a distal side cut away from 1t. The
cut away portion of both the top and bottom watlers are pret-
erably 1dentically shaped, so that the waters are substantially
superimposable. Indeed, 1n one embodiment the top and bot-
tom walers are identical, except that they are rotated along
one axis such that the top surface on the top water 1s the
bottom surface of the bottom wafer. Also, preferably the sides
ol the cut out section of the top and bottom walers are sub-
stantially the same width as the central opening of the central
walfer.

In one embodiment of the present invention, one of the tee
fittings comprises a flat, elongated sleeve portion into which
a proximal end of the sandwiched ceramic waters will it
firmly, and a tube fitting portion, preferably barbed or 1n the
form of a luer or other tube fitting, for the simple attachment
of tubing or hosing, 11 desired, to draw air or oxygen into the
ozone generator of the present invention. The void defined by
the tube fitting portion of the tee fitting 1s continuous with the
vo1d defined by the flattened, elongated sleeve portion of the
fitting.

A second, preferably 1dentical tee fitting 1s used to hold a
distal end of the sandwiched ceramic waters together and to
thereby direct ozone from the ozone generator to 1ts desired
application. Of course, 1n an alternate embodiment the tee
attached to the distal portion may be used to draw air or gas,
and the tee attached to the proximal end of the sandwich may
be used to direct ozone to 1ts desired application.

In one embodiment, the proximal end of the sandwiched
ceramic walers has a top waler with a cut out portion, wherein
the sandwiched walers together define a continuous void
wherein air or gas entering the tee fitting may be drawn
through the cut out portion into the discharge chamber
defined by the central opening o the middle water, and finally
the ozonated air or gas may exit the ozone generator through
the cut out portion of the bottom water and the connected tube
fitting portion of the distal tee fitting. Those of skill 1n the art
will immediately recognize that the bottom wafer, rather than
the top wafer, can be used to draw air or gas mto the central
opening of the middle water, and the top water, rather than the
bottom watler, can be used to direct ozone from the middle
waler to the desired application.

The customized tee fittings, described above and 1n the
Examples herein, are made from a moldable material that has
high isulation properties, 1s preferably strong, relatively
heat-resistant, and 1s substantially resistant to chemical deg-
radation caused by the by-products of ozone formation. Any
suitable material that provides these properties will function
well 1n this embodiment of the Corrosion Resistant Ozone
Generator of the present invention. Preferably the material
comprises polyvinylidene tluoride (PVDEF), sold under the
trademark KYNAR®, This material has all the properties
indicated above, and 1s a dielectric material. PVDF can be
injected, molded and welded very effectively.

Additionally, preferably a bonding material having high
thermal stability, mnsulating ability, and high resistance to
chemical damage (such as a silicone cement) 1s used to seal
the ceramic/fitting interfaces.

In other, presently less preferred, embodiments of the
invention, the body of the ozone generator can be made 1n any
number of walers, fragments, or pieces. For example, 11 the
dielectric material 1s suitable for injection molding, the dis-
charge chamber contained within a single molded piece of a
dielectric component can be fabricated having channels for
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the introduction of air and for the evacuation of ozone. Such
an ozone generator may be used in conjunction with a fitting
which, 1f in a shape different from that described for the
preferred embodiment of the 1nvention, can be specially fab-
ricated from a dielectric material such as PVDF to be used for
the ozone generator.

Similarly, the shape and size of the ozone generator may be
made to suit any desired application. When used for applica-
tions such as spas, jetted tubs, and small pools or other bodies
of water, a ozone generator “chip” substantially as described
previously will be preferred, since i1ts size and shape are
compact and yet suitable for use 1n these applications. How-
ever, where the amount of ozone required to be generated 1s
substantially greater than this, either a plurality of ozone
generators can be used 1n series, 1 parallel, or as a combina-
tion of series or parallel may be used, or the size of the ozone
generator, particularly of the discharge chamber, can be
increased.

Fabricating the ozone generator in three waters or pieces
substantially as described above may be one of the most cost
elfective and simple ways to manufacture the ozone generator
of the present invention, since the need for engineering of
complex forms and a multiplicity of molds can be avoided 1n
favor of relatively simple designs.

Moreover, 11 generally non-flowable dielectric materials
are used (such as ceramics, which usually have very favorable
heat dissipation characteristics) the use of injection molding
techniques may not be a practical manufacturing option, and
simple or more material-appropriate manufacturing methods
must be used.

Thus, in another embodiment the present vention 1s
directed to a method of making an ozone generator compris-
ng:

a) manufacturing a plurality of dielectric slabs (or waters)
having substantially similar overall depth, length and
width dimensions, and having a first side and the second
side, wherein the length and depth of said slabs 1s sub-
stantially greater than their width;

b) stacking together three of said slabs so that their sides
meet; wherein a middle slab comprises a central void
completely surrounded by dielectric material, wherein a
top slab comprises a first groove or void at a first edge,
and wherein a bottom slab comprises a 1n second groove
or void at a second edge opposite said first edge, thereby
creating when the slabs are stacked a single discharge
chamber comprising a gas inlet and a gas outlet com-
prising:

1) said first groove or void of the top slab, which 1is
coextensive with,
11) the central void of the middle slab, which 1s coexten-
sive with,
111) the second groove or void of the bottom slab, and;
¢) placing a first high-voltage electrode on the outside
surface of the top slab,

d) placing a second high-voltage electrode on the outside
surface of the bottom slab;

¢) providing means for directing an oxygen-containing gas
through the gas inlet into the discharge chamber and

1) providing means for directing an ozone-containing gas
from the discharge chamber through the gas outlet.

In a particularly preferred embodiment, the last two steps
of the method described above can be accomplished using the
customized tee fitting described therein, or any other suitable
fitting or combination of {ittings having the ability to simul-
taneously seal the gas inlet and gas outlet and to direct gas 1nto
the 1inlet on one side of the sandwiched slabs, and to direct gas
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from the outlet on the opposite side of the sandwich slabs
tollowing coronal discharge and the generation of ozone from
oxygen.

It will be apparent that 1n particular embodiments of the
present invention the top and bottom slab used in the method
described above may be 1dentical; 1n such case each of the two
sides of the slab are also 1dentical, and the bottom slab can be
rotated 180° as compared to the top slab before mserting the
middle slab between the top and bottom slab. The two sides of
the top and bottom slabs may be 1dentical because this slab 1s
a homogeneous or relatively homogeneous material 1n which
the surface and inside portions of the slab are substantially
identical. Alternatively, the two sides of the top and bottom
slabs may be 1dentical because the two sides of the slabs are
coated with an i1dentical material. In this embodiment, cur-
rently less preferred, the interior of the slab may be coated
with a dielectric material on all exposed surfaces prior to
assembly of the ozone generator.

One reason that this latter embodiment 1s less preferred 1s
that 1t requires substantially greater care and more steps 1n the
manufacture of an ozone generator than does the use of a
homogeneous dielectric material for fabrication of the slabs.

Depending upon the nature of the dielectric material used
for the slabs, the grooves and central opening of the slabs
described above can be made by fabricating the slabs 1n molds
that contain notches for the groove or void of the top and
bottom slabs, and a separate mold comprising a central pro-
jection for fabricating the middle slab with a central void or
opening.

Alternatively, the slabs used in the fabrication of the ozone
generator of the present invention can be fabricated as 1den-
tical waters or slabs first, and then shaped using cutting tools
such as diamond saws or grinders to form the notches or voids
of the top and bottom slabs, and the central opening of the
middle slab. Of course, an advantage of this method 1s that the
manufacture and assembly of the slabs 1n two the basic ozone
generator can easily be mechanized and assembled using
robotic manufacturing equipment without the need for
detailed quality-control procedures involving the intermedi-
ate steps of manufacture.

The electrodes used 1n the ozone generators of the present
invention should be placed on opposite, preferably flat, sides
of the assembled device, 1n each case substantially directly
over the location of the discharge chamber. It 1s particularly
cifective to place the electrodes 1n a generally centrally
located position with respect to the outline of the discharge
chamber underneath. It the electrodes are thus positioned, the
resulting coronal discharge when a high-voltage electrical
source 1s connected to the electrodes will be more eftective,
thereby maximizing the amount of ozone that can be gener-
ated within the discharge chamber.

In certain embodiments of the invention, two or more Cor-
rosion Resistant Ozone Generators 1n accordance with the
present invention can be utilized together 11 larger volumes of
water are to be treated, for example for larger pools, large
laundry purposes, or agricultural applications. In one particu-
larly usetul embodiment, accordingly, two or more Corrosion
Resistant Ozone Generator assemblies or two or more Cor-
rosion Resistant Ozone Generators, may be “teamed”
together 1 a serial or parallel or a combination of serial and
parallel configuration to provide enhanced ozone production
to applications in which the amount of ozone required to be
produced 1s higher. Examples of such embodiments are pro-
vided in the Examples herein.

When two or more Corrosion Resistant Ozone Generators
are used together as described above, the electrodes of each of
the Corrosion Resistant Ozone Generators 1s connected to a
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voltage source. Such plural use of Corrosion Resistant Ozone
Generators 1s generally effective to produce suificient ozone
to purily (samitize) the water 1n a spa, jetted tub or pool. For
example, a single Corrosion Resistant Ozone Generator may
be effective to sanitize a spa, jetted tub or pool containing,

about 50 or about 200 to about 1000 or about 5000 gallons of

water. In another example, about two to about five Corrosion
Resistant Ozone Generators connected either serially or 1n
parallel, or 1n a combination of serial and parallel configura-
tions may be elfective to sanitize about 10,000 to about
25,000 or about 50,000 gallons of water. In yet another
example, about ten to about fifty ozone cells connected either
serially or in parallel, or in a combination of serial and parallel
configurations may be effective to sanitize about 50,000 to

about 100,000 or about 500,000 or about 1,000,000 gallons of

water.

In one particularly useful embodiment, the Corrosion
Resistant Ozone Generator preferably 1s connected to an elec-
trical transformer sized, adapted and located to control the
voltage provided to the Corrosion Resistant Ozone Generator
assembly. Often, the Corrosion Resistant Ozone Generator
operates on conventional alternating current. For example,
the transtformer may be adapted to function by utilizing avail-
able AC electrical power of about 100 to about 130 volts. In
another embodiment the line power utilized by the trans-
former 1s about 200 to about 250 volts.

Alternatively, in other embodiments a 12 volt or 5-12 volt
D.C. system may be employed to supply electric power.

The output of the transformer, that 1s the voltage provided
by the transformer and utilized in the Corrosion Resistant
Ozone Generator to create the coronal discharge within the
discharge chamber, may be from about 1000 volts to about
12,000 volts, preferably (though not necessarily) in the range
2000 volts to about 8,000 volts, or about 2500 volts to about
5000 volts, or about 3000 volts to about 4000 volts, or about
3000 volts to about 3500 volts. It will be understood that the
voltage ranges indicated here are intended to, and do, specifi-
cally disclose any point or pair of points included between the
maximum and minimum voltages indicated herein.

Preferably, the Corrosion Resistant Ozone Generator uti-
lized 1n the present invention 1s effective to produce suilicient
ozone to purily (sanitize) the water 1n a spa, jetted tub or pool
containing about 50 or about 200 to about 1000 or about 5000
or about 25,000 or about 100,000 or about 500,000 or about
1,000,000 gallons of water. The concentration of ozone in the
water 1n the spa, jetted tub or pool may generally be as noted
clsewhere herein.

Any suitable transfer assembly may be utilized provided
that 1t functions to cooperate with the ozone generator to pass
oxygen-containing gas into the discharge chamber of the
ozone generator and ozone produced by the ozone generator
to the water 1n the spa, jetted tub or pool.

As one example, the transier assembly pretferably makes
use of a water pump, water pipes, an eductor assembly and a
transfer conduit. The eductor (or ventur1) assembly has an
inlet and an outlet. The transter conduit 1s adapted to provide
a passage for ozone-containing gases to be transierred from
the ozone generator to the eductor assembly. The water pump
1s positioned to pump water from the spa, jetted tub or pool
through water pipes into the flow of which 1s positioned the
eductor assembly. Due to the Ventun effect created by water
flow through the water lines 1n the eductor assembly created
by the water pump, the eductor assembly creates a negative
pressure within the transfer conduit at locations upstream of
the eductor assembly. Thus, the passage of water through the
water pipes causes ozone-containing gases from the Corro-
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sion Resistant Ozone Generator to pass through the transfer
conduit into and through the eductor assembly and into the
water flow.

The water pump can be, and preferably is, the pre-existing,
spa/jetted tub/pool water pump, that 1s the pump used to
circulate water 1n the spa/jetted tub/pool. In one useful
embodiment, the eductor assembly 1s located in a bypass
conduit of the water pipes having a constriction that increases
water flow; a minor amount, that 1s less than about 50%, of the
water being pumped by the water pump 1s passed through the
bypass line.

The transfer assembly preferably includes water pipes
which circulate water from and to the spa or jetted tub or pool,
and a filter located upstream of the eductor assembly 1n tluid
communication with the water pipes and adapted to remove
solid or particulate matter from the water passing through the
water transfer line. The transfer assembly preferably further
includes a heater adapted to heat the water flowing through
the water transifer line upstream of the eductor assembly;
however this feature 1s not necessary to the function of the
ozone generator or the disinfection of water 1n the jetted tub,
spa or pool.

In one embodiment, the ozone transfer conduit 1s config-
ured to reduce the probability of water passing from the
eductor assembly to the ozone generator. This feature is
designed to avoid detrimentally affecting the ozone genera-
tor. For example, the ozone transtfer conduit may include a
water trap. The ozone transfer conduit may include a loop (for
example, a water trap loop), preferably located above the
eductor assembly, to reduce the risk of water contacting the
Corrosion Resistant Ozone Generator. The Corrosion Resis-
tant Ozone Generator assembly housing preferably 1s located
above the water level 1n the spa/jetted tub.

The ozone transfer conduit may include a check valve
(such as a “one-way valve™), for example, of conventional
design adapted to prevent tluid flow in the ozone transfer
conduit toward the ozone generator.

Those of ordinary skill in the art can readily see that the
Corrosion Resistant Ozone Generator system described
herein 1n the context of a system for disinfecting water used 1n
jetted tubs, spas and pools can be largely adapted wholesale,
or with minor variations, to other applications, such as laun-
dry applications and agricultural applications. As described
above, the use of water flow to create a negative pressure in a
Ventur1 can be utilized to mtroduce ozone into the flowing
water, and can simultaneously be used to draw air or oxygen-
containing gas into the Corrosion Resistant Ozone Generator.
Alternatively, the systems may comprise fans or pumps to
move or help move air, gas, or ozone through the Corrosion
Resistant Ozone Generator and into the water. Washing
machines can either be manufactured with such Venturis
plumbed 1nto the water transfer system, or the introduction of
an ozone generator 1nto such systems can be retrofitted. Also,
the Corrosion Resistant Ozone Generator assembly, includ-
ing the housing can usually be made to be compact enough to
{1t within the washing machine housing or a dishwasher hous-
ing. Similarly, for agricultural applications, the Corrosion
Resistant Ozone Generator assembly can easily be placed
near the water supply pump for washing or watering produce
using the disclosure provided above as a guide.

Methods for purilying/sanitizing waters located in spas,
jetted tubs and pools, 1n washing machines, dishwashers, and
for agricultural purposes are included within the scope of the
present 1invention. Preferably, these methods comprise
employing the present apparatus to provide a purilying/sani-
t1izing amount of ozone to the water used 1n any such appli-
cation.
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Any combination of two or more features described herein
are mcluded within the scope of the present invention pro-
vided that the features in each such combination are not
mutually inconsistent. Furthermore the invention 1s not lim-
ited to any example described herein, but 1s defined solely by
the claims.

These and other aspects and advantages of the present
invention are disclosed 1n the following detailed description
and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a generally schematic illustration showing an
embodiment of the Corrosion Resistant Ozone Generator
assembly housing 1n use 1n purilying the water 1n a spa.

FIG. 2 15 a planar view of the Corrosion Resistant Ozone
Generator assembly housing used 1n the embodiment shown
in FIG. 1 with the housing cover removed.

FI1G. 3 15 a planar view of the inner surface of the housing
cover of the Corrosion Resistant Ozone Generator used in the
embodiment shown in FIG. 1.

FIG. 4 1s a top planar view of the components of the
Corrosion Resistant Ozone Generator used 1n the embodi-
ment 1n FIG. 1.

FIG. 5 1s a top planar view of the Corrosion Resistant
Ozone Generator used 1n the embodiment shown 1n FIG. 1.

FIG. 6 1s a top planar view of an ozone generator of the
present 1nvention employing three Corrosion Resistant
Ozone Generators 1n a serial configuration.

FIG. 7 1s a top planar view of an ozone generator of the
present 1nvention employing three Corrosion Resistant
Ozone Generators 1n a parallel configuration.

FI1G. 8 1s a top planar exploded view of the components of
an alternative embodiment of the Corrosion Resistant Ozone
Generator of the present invention.

FIG. 9 1s a top planar view of the components of the
alternative embodiment of the Corrosion Resistant Ozone
Generator of the present invention shown 1n FIG. 8.

FIG. 10 1s an exploded view of a housing for the alternative
Corrosion Resistant Ozone Generator shown 1n FIG. 8 and
FIG. 9.

FIG. 11 1s an example of a series multi-chip configuration
using the Corrosion Resistant Ozone Generator of Example 6.

FI1G. 12 1s an example of a parallel multi-chip configuration
using the Corrosion Resistant Ozone Generator of Example 6.

DETAILED DESCRIPTION OF THE INVENTION

Example 1

Referring now to the drawings 1-3, one configuration of the
system of the present invention, shown generally at 10,
includes a Corrosion Resistant Ozone Generator assembly
housing shown generally at 12, and a transier assembly,
shown generally at 14. The Corrosion Resistant Ozone Gen-
erator assembly housing 12 1s surrounded by a housing body
16 and a housing cover 18 which 1s adapted to be joined or
connected to the housing body by coupling threaded inserts
20 through complimentary cover holes 22 with threaded
screws (not shown).

With housing cover 18 secured to housing body 16, ozone
generator 12 1s contained within and protected by a compact,
closed unit. Located within the space 24 between the housing
body 16 and housing cover 18 1s an Corrosion Resistant
Ozone Generator 26. Ozone-containing gases produced by
Corrosion Resistant Ozone Generator 26 from air entering
housing body 16 through air inlet 27 exit the housing through

10

15

20

25

30

35

40

45

50

55

60

65

14

housing outlet 28, which can be an integral part of the housing
body 16. The air inlet may, and preferably does, include a
particulate filter, for example, of conventional construction.
The air inlet may provide for uptake of air from the atmo-
sphere, uptake of air from an air blower or uptake of oxygen
from an oxygen tank. Furthermore, the air inlet may comprise
an air dryer, such a heater or an anhydrous material capable of
removing water from the air drawn through it. Both the hous-
ing body 16 and housing cover 18 can be made from any
suitable material or materials of construction. Preferably,
these components are made of polymeric material. For spas,
jetted tubs and small pools the Corrosion Resistant Ozone
Generator housing 12 typically has a length 1n a range of
about 4 inches to about 10 inches, a width 1n a range of about
1 1inch to about 6 1nches and a thickness of about 0.5 inch to
about 4 inches.

An electrical transformer 30, of conventional design, 1s
typically included within space 24. Flectrical transformer 30
processes line power, e.g., 120V, from source 32 through
power cord 33 and transforms this line power into power
suitable for use by the Corrosion Resistant Ozone Generator
26. Transformer 30 1s a “step up” transformer; in this embodi-
ment of the mvention Corrosion Resistant Ozone Generator
26 uses power having a voltage 1n the range of about 1000 to
12,000 volts, preferably about 3000 to about 5000 volts, more
preferably in the range of about 3000 to about 3500 volts. A
series ol electrical connectors 33, 34 and 36 are optionally
included within space 24 and are adapted to connect electric
wires so as to provide electric power from source and ulti-
mately transter the power to the Corrosion Resistant Ozone
Generator 26. These connectors are adapted to be easily
removed to allow maintenance of the system contained within
housing 12. A vaniable potentiometer 37 1s optionally pro-
vided and 1s used to control or adjust the ozone output of
Corrosion Resistant Ozone Generator 26 within housing 12.

In addition, the housing cover 18 of this embodiment
includes two end tabs 44 and 46, each of which includes a
through hole 48 through which screws can be passed to secure
the Corrosion Resistant Ozone Generator housing 12 1n place
in a suitable stationary position.

The present system comprising the Corrosion Resistant
Ozone Generator 26 operates as shown i FIG. 1. Spa 50
includes a quantity of heated and circulating water 52, for
example, about 500 to 1000 gallons 1n volume. The spa 50 1s
equipped with a water circulating system in which water from
the spa passes through spa outlet 54 1mto conduit 56 through
spa pump 38, spa lilter 60 and spa heater 62. Eventually the
pumped, filtered and heated water 1s passed back to the spa 50
through return lines 64 and 66.

In the present invention, piping segment 70 (a part of con-
duit 56), downstream of heater 62 1s divided to provide a
bypass line, shown generally at 72. Bypass line 72 includes a
venturi assembly 74, of generally conventional construction,
which acts as an ozone eductor to suction ozone-containing
gases from the Corrosion Resistant Ozone Generator 26 1n
housing 12 1into bypass line 72. The combined ozone-contain-
ing gases and water 1s returned to the main water conduit 56,
as shown 1 FIG. 1. A valve 78, of conventional design, 1s
located 1n water conduit 79 and can be adjusted to control the
amount of water passed through bypass line 72. The ozone-
containing gases from Corrosion Resistant Ozone Generator
26 are passed through housing outlet 28 and through ozone
conduit 80 into the water flowing through bypass line 72. The
suction created by venturi assembly 74 causes ozone to tlow
through ozone conduit 80.

Ozone conduit 80 includes a water trap loop 82 located
above venturi assembly 74. This water trap loop 82 acts to
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protect the ozone generator from being exposed to water 1n
line 56 and bypass line 72. In addition, ozone conduit 80

includes a one-way check valve 84, of conventional construc-
tion, which effectively prevents fluid from flowing in the
ozone conduit back to the ozone generator 12. This feature
inhibits, or even substantially prevents, any water from line
56 and bypass line 72 from entering ozone generator 12.

Another embodiment of the claimed system 1s shown 1n
FIG. 1. Apparatus 10 functions as follows. When it 1s desired
to purily/samtize the water 52 1n spa 30, operation of the
pump 58 and Corrosion Resistant Ozone Generator 26 1s
initiated. This causes water 52 to flow from spa 50 through
line 56 1into pump 58, optional filter 60, and optional heater 62
into piping segment 70. At this point, a minor amount, that is,
less than about 50%, of the total water passing through seg-
ment 70 1s caused to flow through bypass line 72 and venturi
assembly 74. This causes ozone-containing gases being gen-
crated by Corrosion Resistant Ozone Generator 26 to pass
through ozone conduit 80 into the water 1n bypass line 72,
which 1s ultimately returned to the spa via return line 64 and
66.

Suificient ozone 1s produced 1n accordance with the present
invention to purity/sanitize the water 52 1n spa 50 and/or to
maintain such water 1n the desired purified/sanitized state.

Example 2

This example describes the components of one embodi-
ment of the Corrosion Resistant Ozone Generator 26 which
can be used 1n the system of the present claims.

As shown 1 FIG. 4, the chip electrode assembly has a
center waler 101 made entirely of a dielectric; this water 1s a
“spacer” waler positioned between a top water 103 and a
bottom water 105. In this embodiment the spacer water 101 1s
made of 96% alumina ceramic. The spacer water 101 has a
substantially central opening 107. The top water 103, 1n this
case also made of 96% alumina ceramic, has a segment of a
proximal side of the wafer cut away from 1t 109, and the
bottom water 105, made o1 96% alumina ceramic, and having,
a segment of a distal side cut away from 1t 111.

Those of ordinary skill 1n the art will be aware that the
spacer waler, top waler and bottom waler may be comprised
of other ceramic dielectrics or even other non-ceramic dielec-
trics; moreover, 1n other embodiments, one or more waler
may be comprised of a different dielectric than that of another
other wafer.

The cut away portions of both the top and bottom waters
are preferably 1dentically shaped, so that the walers are sub-
stantially superimposable. In this case the top and bottom
walers are 1dentical, except that they are rotated along one
axis such that the top surface on the top water 103 is the
bottom surface of the bottom water 105. The sides of the cut
out section of the top and bottom waters are substantially the
same width as the central opening of the central water.

Tee fitting 113, made from a moldable material comprising,
polyvinylidene fluoride (PVDF), sold under the trademark
KYNAR®, comprises a flat, elongated sleeve portion 115
defining a void 116 into which a proximal end of the sand-
wiched ceramic waters will fit firmly, and a tube fitting por-
tion 117, to draw air into the discharge chamber 129 (shown
in dotted lines 1n FIG. 5) formed by the sandwiched top,
spacer and bottom watfers 101, 103 and 105.

The void 119 defined by the tube fitting portion of the tee
fitting 1s continuous with the void 116, and an 1dentical void
not shown, created by identical tee fitting 113" described
below 1s shown) defined by the flattened, elongated sleeve
portion of the fitting.
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Another identical tee fitting 113" 1s used to hold a distal end
of the sandwiched ceramic wafers together and to thereby

direct ozone from the discharge chamber 129 formed by the
sandwiched top, spacer and bottom watfers 101, 103 and 105
to 1ts desired application. The space 1n the discharge chamber
1s defined by the substantially central opening 107 1n central
waler 101 continuous with the cut away segments 109 and
111 ofthe top and bottom waters respectively, and 1s shown 1n
dotted lines in FIG. 5.

Copper electrode 121' 1s placed on the outside surface of
the top water 103 and an identical copper electrode 121 1s
placed on the outside surface of bottom water 105. The elec-
trodes 121 and 121' are connected via wiring 123 and 123' to
cach pole of a high voltage transformer. The copper elec-
trodes may comprise adhesive-backed copper tape aifixed to
a side of the Corrosion Resistant Ozone Generator 26 to
which copper wire of an appropriate gauge 1s welded, sol-
dered or otherwise retained, at 127 and 127" on the bottom and
top waters, respectively. The electrodes are preferably placed
on a location on the outside surface of the top and bottom
walers that 1s substantially centrally located with respect to

the discharge chamber 129 within the sandwiched waters
101, 103 and 105.

Example 3

As shown 1n FIG. 5, the components shown 1n FIG. 4 are
assembled to form the Corrosion Resistant Ozone Generator
26, as used 1n the embodiment of the system of the present
invention shown 1n FIG. 1. The Corrosion Resistant Ozone
Generator 1s comprised of the three waters, namely, a top
water 103, center water 101 and bottom dielectric water 105,
that are sandwiched together, with conductant metal tape or
plates 121 (not shown) and 121" acting as electrodes and wires
123 and 123' (not shown) connecting the plates to each pole of
a high voltage source. The conductant plates or tape are
located substantially centrally on each of the top surface of
the top water and the bottom surface of the bottom water such
that when assembled, they substantially superimpose upon
cach other and are 1n addition substantially centrally located
with respect to the middle water 101 1n alignment with to the
central opening 1n the middle water, as shown 1n FIG. 5.
These conductant plates are either adhered to the surfaces of
the bottom and top waters or metallized onto the surfaces of
the top and bottom waters. Wires 123 and 123" are soldered,
welded or otherwise affixed to these conductant plates or tape
to form electrodes. The three walers are held together 1n a
“bundle” by using the two customized tee fittings 113 and
113"

In addition, the Corrosion Resistant Ozone Generator 26 1s
sealed, via either a silicone or other sealant around the tee
fitting and ceramic 1nterface to prevent leakage of air and/or
ozone containing gases from the electrode assembly.

When a high voltage 1s applied across electrodes 123 and
123" to form a coronal discharge, oxygen from the air enters
the tee fitting 113 through the tube fitting 117 and enters the
discharge chamber through the cut out portion 109 of the top
waler 103 and first forms oxygen free radicals, and then the
free radicals combine with unreacted O, to form ozone in the
discharge chamber 129, which then exits the ozone generator
26 through the cut out portion of the bottom wafer and the
connected tube fitting porting 117" of the distal tee fitting 113",
The 1nside surface of the walls of the discharge chamber 1s
thus made entirely or substantially entirely from 96% alu-
mina ceramic dielectric. As described 1n Example 2, the dis-
charge chamber 1s defined by the substantially central open-
ing 107 1n central water 101 continuous with the cut away
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segments 109 and 111 of the top and bottom wafers respec-
tively, and 1s shown 1n dotted lines.

Example 4

As shown 1n FIG. 6, three chip Corrosion Resistant Ozone
Generators 26a, 266 and 26¢, whose individual components
are described mm Examples 2 and 3 and FIG. 3, and are
assembled as 1n F1G. 4, are connected 1n a serial configuration
in order to generate sullicient ozone required to sanitize a
pool. An ozone generator comprising such a serial configu-
ration of chip electrodes/ozone cells 1s used 1n the embodi-
ment shown 1n FIG. 1.

In this embodiment, the three Corrosion Resistant Ozone
Generators are configured such that each set of electrodes of
cach cell are connected to a different voltage source, and are
all housed together 1n a single housing chamber. In the alter-
native, Corrosion Resistant Ozone Generators may be con-
figured such that all the electrodes of each individual Corro-
sion Resistant Ozone Generator are connected to a single
voltage source. In another variation, each individual Corro-
sion Resistant Ozone Generator may be housed 1n different
housing chambers. A Corrosion Resistant Ozone Generator
comprising such a serial arrangement of three individual
ozone generators functions as follows. Air 1s drawn through
air inlet 27 1in the housing chamber 16 and enters via tube 131
connected to tube fitting portion 117a of ozone generator 26a.
The ozone containing gases produced by ozone generator 26a
exit via tube 132 connecting the tube fitting portion 117a' of
ozone generator 26a and tube fitting portion 1175 of second
ozone generator 265. The oxygen (and ozone)-containing
gases entering ozone generator 265 via tube fitting portion
1176 get turther enriched in ozone and exit via tube 133
connecting the tube fitting portion 1175' of ozone generator
260 and enter third ozone generator 26¢ via tube 133 con-
nected to tube fitting portion 117c¢. Gases sulficiently
enriched 1n ozone to sanitize a pool of the desired water
volume exit through tube fitting portion 117¢' and further
through tube 134 and further, housing outlet 28 to the pool
water supply. It will be understood by those of ordinary skaill
in the art that the number of Corrosion Resistant Ozone Gen-
crators linked 1n serial fashion in this way 1s discretionary
according to the amount of ozone desired to be produced,
with the only limiting factor being the gradual depletion of
oxygen from the air or gas supply introduced at air inlet 27 as
a function of an increase in the number of ozone generators
linked 1n series.

Example 5

As shown 1n FIG. 7, three corrosion Resistant Ozone Gen-
erators 26d, 26e and 26/, whose individual components are
described in Examples 2 and 3 and FIG. 3, and are assembled
as 1n FIG. 4, are connected 1n a parallel configuration 1in order
to generate suificient ozone required to sanitize a large
Jacuzzi. A Corrosion Resistant Ozone Generator assembly
housing 12 comprising such a parallel configuration of indi-
vidual ozone generators 1s used in the embodiment shown 1n
FIG. 1.

In this embodiment, the individual Corrosion Resistant
Ozone Generators are configured such that both the elec-
trodes of each corrosion Resistant Ozone Generator are con-
nected to a different voltage source, and are all housed
together 1n housing chamber 26. In the alternative, Corrosion
Resistant Ozone Generators may be configured such that all
the electrodes of each individual Corrosion Resistant Ozone
Generator are connected to a single voltage source. In another
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variation, each individual Corrosion Resistant Ozone Gen-
erator may be housed in different housing chambers. A Cor-
rosion Resistant Ozone Generator comprising such a parallel
arrangement of three Corrosion Resistant Ozone Generators
functions as follows. Air 1s drawn from inlet 27 in the housing
chamber 16 and enters the system via three tubes 135,136 and
137 connected to tube fitting portions 1174, 117¢ and 117f of
ozone generators 26d, 26e and 261, respectively. The ozone
containing gases produced by ozone generators 264, 26e and
26/ exit via three tubes 138, 139 and 140 connecting the ozone
generators 26d, 26¢ and 261 respectively, and finally exit the
housing chamber at outlet 28. Gases enriched 1n ozone sufifi-
ciently to sanitize a large Jacuzzi are produced at the outlet 28.
While these series and parallel arrangements are show, any
combination or configuration of series and/or parallel plumb-
ing can be used.

Example 6

As another non-limiting example, FIG. 8 shows an alter-
native configuration of the ozone generator chip of the present
invention. In this embodiment a base component 200, molded
from corrosion-resistant material, has both the gas inlet 202
and the ozone outlet 204 bwilt 1n, and a cavity 206 for the
dielectric components. Ozone-resistant o-rings 208 {it into
the base component 200 aligned with holes leading into and
out of the base. The o-rings seal against the bottom dielectric
waler 210, which has holes 212 at e1ther end to align with the
o-rings. The configuration and dimensions of the spacer 214
may be similar to that of the ozone generator chip shown in
previous examples. The top dielectric water 216 1s flat with no
flow cuts.

The top and bottom dielectric wafers 210 and 216 and
spacer 214, as well as the bottom 218 and top 220 electrodes
are sandwiched together as before, with the electrodes and
wires 224 on the outer surfaces of the sandwich. A clip 222
forces and holds the assembly together, and the entire cavity
1s potted with a thermally conductive epoxy material An
indicator light 226 1s secured to the clip but no electrical
connections are made, since the light 1s 1lluminated and
induced by the electric field of the ozone assembly.

FIG. 9 shows the entire Corrosion Resistant Ozone Gen-
crator assembly assembled and clipped together. FIG. 10
shows the Corrosion Resistant Ozone Generator chip assem-
bly of this embodiment installed 1n a protected, gasket-sealed
moisture resistant housing assembly similar 1n function to
that shown 1n FIG. 1p; 1 this case the housing body 300 1s
configured to hold the assembled Corrosion Resistant Ozone
Generator 304 by means of a clip 306 which fastens over the
Corrosion Resistant Ozone Generator and two raised brackets
308 on the mside surface of the housing body. A gasket fits
within a roughly circular, polygonal, or ovoid race 312 on the
inside of both housing body 300 and housing cover 302,
thereby preventing substantial infiltration of moisture. Holes
on the mside of each the housing body and the housing cover
314, sealed using O-rings 316, provide access to the air inlet
and ozone outlet of the Corrosion Resistant Ozone Generator.
The assembly 1s screwed together.

FIG. 11 and FIG. 12 show non-limiting possible parallel
and series plumbing configurations, respectively, mvolving
multiple chips of this embodiment of the invention.

While this mvention has been described with respect to
various specific examples and embodiments, 1t 1s to be under-
stood that the invention 1s not limited thereto and that it can be
variously practiced within the scope of the following claims.
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What 1s claimed 1s:

1. An apparatus for purifying the water 1n a spa, jetted tub
or pool comprising:

an ozone generator sized and adapted to purify the water in

a spa, jetted tub or pool, the ozone generator including a
chip electrode assembly adapted to produce ozone from
air using an electric discharge applied by a first electrode
located on an outer surface of a first side of said chip
clectrode assembly and a second electrode located on an
outer surface ol a second side of said chip electrode
assembly; wherein an interior surface of said first side
and an interior surface of said second side oppose each
other across a discharge chamber, wherein interior sur-
faces of said discharge chamber are comprised substan-
tially entirely of a dielectric material selected from the
group consisting of an alumina-based ceramic, a zirco-
nium-based ceramic, a titantum-based ceramic, a mica-
containing material, and a corrosion resistant polymer;
and

a transfer assembly cooperating with said ozone generator

to pass ozone produced by the ozone generator to the
water 1n the spa, jetted tub or pool.

2. The apparatus of claim 1 wherein the dielectric material
1s substantially homogenous.

3. The apparatus of claim 1 wherein the ozone generator
comprises a plurality of chip electrodes.

4. The apparatus of claim 2 wherein the ozone generator
comprises at least 50 chip electrodes.

5. The apparatus of claim 3 wherein the ozone generator 1s
elfective to produce suilicient ozone to purily the water 1n a
pool containing an amount of water 1n a range of about 100,
000 gallons to about 500,000 gallons.

6. The apparatus of claim 1 wherein the ozone generator 1s
elfective to produce suilicient ozone to purily the water in a
spa, jetted tub or pool containing an amount of water 1n a
range of about 50 gallons to about 5000 gallons.

7. The apparatus of claim 1 wherein the ozone generator 1s
elfective to produce suificient ozone to purity the water 1n a
spa, jetted tub or pool containing an amount of water 1n a
range of about 200 gallons to about 1000 gallons.

8. The apparatus of claim 1 wherein the chip electrode
assembly 1s adapted to produce ozone from air using a corona
discharge.

9. The apparatus of claim 1 wherein the ozone generator
turther 1includes a transformer sized, adapted and located to
control the electric power provided to the chip electrode
assembly.

10. The apparatus of claim 9 wherein the ozone generator
turther includes a potentiometer adapted to be set to control
the amount of ozone produced.

11. The apparatus of claim 9 wherein the transformer 1s
adapted to be provided with supply power of about 100 volts
to about 130 volts.

12. The apparatus of claim 3 wherein the ozone generator
turther includes a transformer sized, adapted and located to
control the electric power provided to the chip electrode
assembly.

13. The apparatus of claim 1 wherein said transier assem-
bly includes a water pump, an eductor assembly having an
inlet and an outlet and a transfer conduit adapted to provide a
passage lor ozone-containing gases between the ozone gen-
erator and the eductor assembly, the water pump being posi-
tioned to pump water from the spa, jetted tub or pool through
the eductor assembly and the transfer conduit being posi-
tioned so that the passage of water through the eductor assem-
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bly causes ozone-containing gases from the ozone generator
to pass through the transfer conduit into and through the
eductor assembly.

14. The apparatus of claim 13 wherein the water pump 1s
used to circulate water 1n the spa, jetted tub or pool.

15. The apparatus of claim 13 wherein the eductor assem-
bly 1s located 1n a bypass conduit and a minor amount of the
water being pumped by the water pump 1s passed through the
bypass conduit.

16. The apparatus of claim 13 wherein the transfer assem-
bly includes a water transier line which circulates water from
and to the spa or jetted tub, and a filter located upstream of the
eductor assembly 1 fluid communication with the water
transier line and adapted to remove particulate matter from
the water passing through the water transfer line.

17. The apparatus of claim 13 wherein the transfer assem-
bly further includes a heater adapted to heat the water flowing
through the water transfer line upstream of the eductor assem-
bly.

18. The apparatus of claim 13 wherein the transfer conduit
1s configured to reduce the probability of water passing from
the eductor assembly to the ozone generator.

19. The apparatus of claim 13 wherein the transfer conduit
includes a water trap.

20. The apparatus of claim 13 wherein the transfer conduit
includes a water trap loop located above the eductor assem-
bly.

21. The apparatus of claim 13 which further includes a
check valve located 1n the transier conduit adapted to prevent
fluid flow 1n the transier conduit towards the ozone generator.

22. The apparatus of claim 1 wherein the ozone generator
1s positioned above the water 1n the spa or jetted tub.

23. An apparatus for purifying the water 1n a spa, jetted tub
or pool comprising:

a) an ozone generator including a discharge chamber com-
prising a void defined by interior surfaces of at least two
dielectric components, wherein:

a first iterior surface of a first dielectric component 1s
disposed, with respect to said discharge chamber
voild, opposite a second interior surface of a second
dielectric component;

said discharge chamber void 1s fluidly continuous with a
gas 1let and a gas outlet;

a first electrode 1s conductively connected to said first
dielectric component and a second electrode 1s con-
ductively connected to said second dielectric compo-
nent; and

said first electrode and said second electrode are entirely
outside the discharge chamber; and

b) a transier assembly cooperating with said ozone genera-
tor to draw oxygen-containing gas through said imnlet into
said discharge chamber and pass ozone-containing gas
produced within said discharge chamber through said
outlet to the water 1n the spa, jetted tub or pool.

24. The apparatus of claim 23 wherein said first dielectric
component and said second dielectric component are both
comprised of the same dielectric.

25. The apparatus of claim 23 wherein at least one of said
first dielectric component and said second dielectric compo-
nent 1s substantially homogeneous.

26. The apparatus of claim 23 wherein at least one of said
first electrode and said second electrode 1s located on the
outer surface of a dielectric component.
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